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angles (E) which the ray, before crossing, makes with the axis, 
numbered in the same order. 

Through the kindness of Dr. Woodward I am enabled to send, 
to the care of the Editor,* several photographic copies of the whole 
computation for the inspection and review of those having sufficient 
interest in the matter. 
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[* Any gentleman who is desirous of possessing one of these 
may do so on communicating with the Editor.-En. ( M. M. J.’] 

GEOBGETOWN, D.C., July 9, 1874. 

111.-Final Remarks on Immersion Apertures. 
By J. J. WOODWARD, Assistant-Surgeon U. S. Army. 

IN his reply to my article ‘( On Immersion Objectives of greater 
Aperture than corresponds to the Maximum possible for Dry Objec- 
tives,”t Mr. Wenham asks me : “ Can he show us the passagsof the 
rays through one of the object-glasses suah as he advocates in a 
diagram of correctly enlarged dimensions? I shall then have 
tangible material before me, and will enter upon the consideration 
with enthusiasm.”$ To this demand I replied: “If Mr. Tolles 
thinks proper to deviate from the ordinary practice of those who 
make objectives for sale, and to communicate for publication the 
details of the construction of either or both the objectives described 
in my November paper, it will be an easy matter for me to gratify 
Mr. Wenham, and I will endeavour to do so. Not that I think 
this additional testimony needed to show the accuracy of my mea- 
surements of the immersed apertures of these objectives, but because, 
b i d e s  the value of the information to objective makers, I should 
be happy to be the means of adding to the scanty store of facts 
which the objective makers have placed at the disposal of science.” 
The paper in which I made these remarks 0 having been communi- 
cated to Mr. Tolles before its publication in England, he generously 

t Tllis Journal, November, 1873, p. 210. 
$ Ibid., December, 1873, p. 257. 
’j mid., March, 1874, p. 121. 
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placed a t  my disposal, in a letter dated January 22nd, 1874, the 
details of the construction of both the objectives described in my 
paper in the November number of this Journal, with permission to 
publish so much with regard to either or both of them as might 
in my opinion be essential to the demonstration of the matter in 
dispute. 

Of the two I have selected the &th belonging to the Museum,* 
both on account of its superb definition (see, for example, the 
photographs of Amph+leura pellucida sent with my November 
paper), and because, as this lens has a simple hemispherical front, 
it is an excellent example of the class of objectives with regard to 
which the possibility of a balsam aperture of more than 82 has 
been most strenuously denied. The data with regard to this objec- 
tive I placed in the hands of my friend Professor R. Keith, of 
Georgetown, with the request that he would trace tho course of 
the rays through the combination by the trigonometrical method, 
which is of course more rigidly exact than Mr. Wenham’s plan of 
making an enlarged diagram, and tracing the rays through geome- 
trically, and not so much more difficult as he seems to suppose.? 
Mr. Keith‘s engagements did not permit him to undertake the task 
at  once, and after he commenced the discussion some delay was 
caused by lack of information with regard to one or two points, 
which could only be supplied by Mr. Tolles, who was absent from 
home on account of sickness. But for these unavoidable circurn- 
stances the results of this discussion would have been ready some 
time since. As it is, Mr. Keith has prepared a paper which 
accompanies this, and which gives the elements of the objective, 
and his results in detail, together with a figure reduced photo- 
graphically from an enlarged diagram accurately constructed in 
accordance with the computed results. 

It will be seen that Mr. Keith obtains in the position of the 
screw-collar which gives the maximum aperture, a calculated 
balsam angle of 110 35’ 1 0 .  Now, it will be remembered, that  
in my account of this objective I stated its balsam angle a t  the 
point of maximum, as measured by my method,$ to be only 87’, or 
twenty-three degrees and a half less than the calculated angle. A 
moment’s examination of Mr. Keith’s diagram will show the reason 
of this, for it will be seen at  once that very trifling encroachments 
on the diameter of the hemispherical front by its setting, will 
produce a considerable reduction of the angle. In fact, Mr. Keith 
states that he has found by actual computation an encroachment 
of -00162 of an inch (&th very nearly) on the periphery of the 
front will reduce the calculated to the observed angle. 

1 desire also to call attention in thie place to the fact, that the 
* This Journctl, November, 1873, p. 214. 
t Ihid., April, 1873, p. lG4. 
1 Ibicl., June, 1873, 1). 2G8, for the mcth d rcfcrred to, 
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front discussed in my November paper * vias not a complete hemi- 
sphere posteriorly, but the curve ceased at 78 from the optical asis, 
or 12 less than the posterior curve of the front lens of the com- 
bination discussed by Mr. Keith; as a consequence the rays pro- 
ceeding backwards, after having passed through the front, wiU 
diverge less from the optical axis for any given balsam angle, in 
the case of the latter lens, than they do in the case of' that figured 
in my diagram. 

Mr. heith further states that he has computed the spherical 
aberration of the combination, adjusted as above, and finds it prac- 
tically nil. This being the case the objective ought to perform well 
when adjusted to the point of maximum aperture, if balsam be used 
as the immersion flnid in lieu of water, and the thick cover ordina- 
rily employed at this osition of the screw-collar. Accordingly, in 
company with Mr. Jeith, I tested the objective in this way on 
Grammatophora subtilissinaa by lamplight, and we both thought 
the definition unmistakably better than with water immersion. 

Mr. Keith has not considered it important to discuss the slight 
chromatic aberration which this combination is admitted to possess, 
because it was constructed with special reference to freedom from 
spherical aberration when used with monochromatic sunlight. I 
may say, however, that this residual chromatic aberration is not so 
great as to interfere in the least with the definition of the objective 
when used with white-cloud illumination or lamp. 

I have also to record of this objective, that although it was con- 
structed for use as an immersion lens only,? yet I have recently 
found by trial, that if the screw-collar be turned nearly to the open 
point, it erforms admirably when used as a dry lens, on objects 

covers selected are of suitable thickness.$ 
Let me now remind my friend Mr. Wenham of his recent 

promise on the subject of this controversy. " I should have been 
glad if Col. Woodward had given us an illustrative figure, having 
some relationship to a reality with the rays carried to their final 
destination. The passage of all his rays should have careful con- 
sideration, and if I. saw no error I could not state that there is one, 
and trust that I have the candour to admit accuracy."§ 

With this I dismiss the subject ; nor can I be expected to pay 
attention hereafter to the assertions of anyone who may continue to 
hold that it is '' theoretically impossible " to construct immersion 
objectives with a balsam aperture greater than 82" " of image-form- 
ing rays," unless he can show some material error in Mr. Keith's 
computations. Before I conclude this paper, however, I feel called 

mounted !ir y, as well as on those mounted in balsam, provided the 

* This Journal, November, 1873, p. 211. 
t Ibid., p. 214. 
$ p c  Mr. Wenham's remarks, ibid,, March, 1574, p. 119. 
5 rhis Journal, April, 1574, p. 171. 
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upon to say a word or two with regard to certain matters which 
have been published in this Journal during the last few months. 

And first, as to the following passage in Mr. Wenham's letter 
in the April number (p. 171). " The immersion focus is therefore 
the outer one, and the dry focus the nearest to the lens: now Col. 
Woodward has drawn the reverse of this, and in his diagram made 
the angle for immersion rays the inner one, or closest to the lens." 
To this I reply, that the focal point F'* of the balsam angle 82") 
correaponds necessarily to a dry angle only a differential less than 
180°, in which the radiant must be at a point infinitely near W on 
the front of the objective, and that therefore in my drawing the 
'' immersion focus is," in point of fact, " the outer one, and the llry 
focus the nearest to the lens," as Mr. Wenham says it ought to be, 
notwithstanding the circumstance that the foci of the correspond- 
ing balsam angles occupy precisely the opposite relations. 

The next point to which I desire to refer briefly, is Mr. Wen- 
ham's new method of measuring apertures? by placing a vertical 
slit in the focus of the objective. This method might perhaps be 
used without giving rise to material inaccuracy when the objective 
is adjusted for uncovered objects ; but when it is closed to the point 
of maximum aperture, that is in the very position about which 
alone there is any dispute, its spherical aberration is of course no 
longer corrected for uncovered objects, and if the attempt be made 
to focus upon them, as for instance upon the glass between the jaws 
of Mr. Wenham's slit, it is quite possible to make such errors in 
endeavouring to approximate the correct focal distance as to destroy 
the accuracy of the result, and lead to the unintentional cutting off 
of more or less of the actual angle of aperture. 

Lastly, I feel compelled to refer to the paper by Mr. Brakey in 
the May number of this Journal (p. 221). This writer, whose 
peculiar style of wit owes whatever poignancy it may possess to the 
ready unscrupulousness with which he misrepresents the views of 
those whom he attacks for the purpose of trying to make them 
appear ridiculous, devotes four pages to a comicpresentation of my 
opinions, and of the part I have taken in this discussion, which is 
characteristically inaccurate. If I could suppose that he had mis- 
understood my fbFer  articles, I should feel called upon to explain, 
but aa it is evident that the misrepresentations are intentional, I 
shall accord to the article no further notice than this brief para- 
graph. 

* See diagram facing p. 213, this Journal, November, 1873. 
t This Jourual, March, 1874, p. 112, and May, 1874, p. 198. 




